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Abstract
A search for the semileptonic decay of B mesons into nal states involving
charged D

as well as non resonant D is performed in a sample of approximately 3
million hadronic Z decays recorded with the ALEPH detector at LEP. Topological
vertex criteria are used to separate the B! D

`X signal from background as well
as to search for the non-resonant component B ! D`X. Preliminary results for
the branching fraction into resonant and non-resonant components are presented.
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 only account for 616% [1]
of the inclusive branching ratio, contrary to theoretical expectations [2]. Therefore, it
is interesting to search for and to measure other exclusive semileptonic decays such as










denotes a generic L=1
(P-wave) charm meson.
Heavy Quark Eective Theory (HQET) predicts four neutral and four charged D

mesons [3], the properties of which are given in Table 1.
Neutral states Charged states












































3/2 24592 235 D, D

 24593 216
Table 1: Charm mesons with orbital excitations, their quantum numbers, masses, widths,
and allowed strong decays into D and D

 in the innite heavy quark mass limit.
Evidence for the narrow J
lq
= 3=2 states has been established for both neutral [4] and
charged [5] mesons through their two body decays. The wide J
lq
= 1=2 states are unob-
served and cannot be distinguished from four-body decays with the available statistics.
The term non-resonant is used in the following sections to label both four-body decays
and decays involving the wide D

resonances. Evidence for both neutral and charged
narrow D

states in semileptonic B decays has been established by ARGUS [6], OPAL
[7] and ALEPH [8].
Given the displaced vertex topology of B decays produced at the Z resonance and
the capabilities of the ALEPH detector, a topological search for D

in semileptonic B











X semileptonic B decays.













and their non-resonant counterparts. The data sample is 2.94  10
6
hadronic decays of
the Z collected with the ALEPH detector at LEP from 1991 to 1994.
The ALEPH detector is described in detail elsewhere [9]. The relevant performance
for this analysis is the high precision obtained on the impact parameter resolution (25m
+ 95m/p, where p is in GeV=c) with the tracking devices [10].
1
In this paper, charge conjugate reactions are always implied.
1
2 Semileptonic B Decays into Narrow Resonances













Figure 1: Vertex topology for the decay described in the text.
For the narrow D
+





























denotes the pion from D
+
decay. The neutral pion (or photon) from D
0
decay is not reconstructed.
2






is a fragmentation track mistakenly associated to the B vertex. This
is referred to as physics background. The other source of background is due to fake com-
binations when reconstructing the D
0
, which is referred to as combinatorial background.
Semileptonic B decays are identied in hadronic events containing a high momentum
lepton and a fully reconstructed D
0
meson in the same hemisphere. Lepton identication
in ALEPH is described in detail elsewhere [11]. Electron candidates are required to have
a momentum greater than 2 GeV/c, muon candidates are required to have a momentum
greater than 3 GeV/c.
The D
0


































. The mass of the D
0
candidates must lie within 2 of
the known D
0
mass, where  is the standard deviation of the t to the D
0
mass distribu-
tion. To eliminate contamination from D
+
decays, other charged tracks (denoted as \")
are paired with the reconstructed D
0







































ionization measurement, when available, must be consistent with the expected rate for














modes. For these modes, the kaon candidate must
have a momentum greater than 1.5 GeV=c. A cut is also made on the track probability
























decay mode. Neutral pions from this decay are identied by tting pairs of

















candidates are rejected if
the measured mass is more than 2 (10MeV=c
2











mesons and leptons are tted to a common B vertex using a topo-
logical technique. Track candidates are required to have a 
2
vertex probability greater




` vertices. The D
0
` vertex is required to be separated by more
than three times the resolution of the decay length from the interaction point, and the
decay length resolution is required to be less than 500 m. The D
0
` vertex is required to
be upstream of the D
0
vertex. The invariant mass of the (D
0
`) candidates is required to





candidate mass spectra for the four subsamples are shown in Figure 2. Table
2 summarizes these subsample sizes and background rates from the ts to these distribu-
tions.
Pion candidates from D























































Table 2: D mass resolutions with tted number of D` and background events within a
2 window around the tted mass.
also reduces uncertainties due to multiple scattering. A 
+

candidate is rejected if its
impact parameter with respect to the interaction point is less than twice its uncertainty.
The distribution of the impact parameter with respect to the (D
0
`) vertex divided by its






` vertex. This procedure has been decribed in detail in [8] and [12]. Figure 3
shows the P distribution for simulated signal events; Figure 4 refers to physics background
simulated events. The P probability distribution for signal is expected to be at, while
the P distribution for background peaks at zero allowing good background rejection. Pion
candidates are required to have P > 0:1, which eliminates 80% of the physics background.





combination per event is found, the combination with the greatest











system and the D
0
and has a measurement error of 5 MeV=c
2
, which is much less









in Figure 5 for the right sign sample, the wrong sign sample, and a sample obtained from
right sign combinations with a 
+

candidate coming from the interaction point instead
of the D
0
` vertex, referred to as an anti-tagged vertex sample. This anti-tagged vertex
sample is obtained by reversing the cuts on the impact parameter with respect to the
interaction point and on the probability P. There is a signicant excess in the right sign
sample corresponding to the D
+
1





distribution is tted with 3 Breit-Wigner functions plus a background function. Two













 from the D
0








. The masses and widths of the Breit-Wigner functions have been xed






known values [1]. The tted number of events in the D
+
1
signal peak is 32.49.4; for the D
+
2
resonance, 0.27.4 events are tted. If the masses








to be associated with the D` vertex
for simulated signal events.




to be associated with the D` vertex
for simulated physics background events.
1910 MeV=c
2
are found for the mass and width of the D
+
1
particle, which are consistent

























The evaluation of systematic uncertainties is given in the next section.
A limit can be set on the production of D
+
2
. This is done by retting the distribution
excluding the region within 2 half-widths of the D
+
2
Breit-Wigner. This t has been
used to estimate the background to any possible D
+
2



















product branching ratio agrees with its corresponding isospin conjugate coun-
terpart, as measured in reference [8]. A suppression of D
+
2
production relative to D
+
1





distributions for the right-sign (top), wrong-sign (middle) and anti-tagged
















































 for the four decay mode. The errors are due to Monte
Carlo statistics.
2.2 Systematic Uncertainties
The systematic error due to the uncertainty of D

masses and widths is computed by
retting the distribution varying the masses and widths of the resonances within their
published values [1]. The systematic error due to the background parametrization is ob-
tained by tting with several dierent background shapes. There is a 10% uncertainty
due to the eciency of the 
2
requirement for the B vertex. The lepton identication
eciency has an uncertainty of 5%. There is also an uncertainty due to the B fragmen-
tation process which aects the momentum distributions of the decay products. The
systematic error due to the B mesons lifetime has been calculated by varying the lifetime
within its published uncertainty. An uncertainty due to the shape of the distribution of





` vertex is calculated varying the parameters of the t
to this distribution by their uncertainties.

































Table 4: Systematic uncertainties for D
0
` for the narrow resonance search.
8
3 Semileptonic B Decays into Wide and Non-
Resonant States









 decays permits unambigous identication. Using the D
0
` sam-
ple selected in the previous section, more stringent requirements are applied to the 
+

candidates. The error on the distance from the D
0
` vertex is required to be less than 150
m, and the impact parameter with respect to the interaction point must be greater than
3 times its uncertainty. If more than one track satises these criteria, the candidate with
the greatest momentum is chosen.
3.1 Results
The probability distribution P, described in Section 2, is used to estimate the number
of signal events. For this search, the 
+

candidates are required to have P > 0:2. The
combinatorial background probability shape is taken fromD
0
` combinations which have an
invariant mass in the sidebands of the D
0
mass distributions. The corresponding number of
events with P > 0:2 is subtracted after correcting for normalization. The number of events
from physics background with P > 0:2 is estimated from the fraction of fragmentation
pions that fall in the signal region, f
P>0:2
. From Monte-Carlo simulation f
P>0:2
= 0:125
0:011. The probability distributions for the right-sign and wrong-sign samples are plotted
in Figures 6 and 7. The excess of right-sign event combinations is evidence of wide- and
non-resonant structures. The corresponding m

distributions for the right-sign and
wrong-sign samples are shown in Figure 8.
The number of signal events in the P > 0:2 region is 70.117.0. The corresponding















































 for the four decay modes for the non-resonant search.
The branching ratio for the sum of resonant D

and non-resonant contributions is:




X) = (6:46  1:57(stat) 0:74(syst)) 10
 3
9
Figure 6: Probability distribution P for
right-sign sample for the non-resonant
search. Contributions from combinato-
rial and physics backgrounds are shown in
hatched styles.
Figure 7: Probability distribution P for
wrong-sign sample for the non-resonant
search. Contributions from combinato-
rial and physics backgrounds are shown in
hatched styles.
where the evaluation of systematic uncertainties is given below.
This result is consistent within errors with the corresponding isospin conjugate counter-
part as measured in [8]
3.2 Systematic Uncertainties
Systematic uncertainties for the non-resonant analysis are similar to those for the narrow
resonant analysis discussed in Section 2.2. A systematic uncertainty of 10% on the e-
ciency is added since it is not possible to distinguish the contribution due to wide resonant
decays from those due to non-resonant decays (the contribution from non-resonant decays
is not well known and could have a dierent eciency). The systematic uncertainties are




distribution for right-sign (top) and wrong-sign (bottom) samples for the




























Probability Function P 0.12
Total 0.74
Table 6: Systematic uncertainties for D
0
` for the non-resonant search.
4 Conclusions
Evidence for semileptonic B decays into both the D
+
1





(or into wide resonances) is observed by the ALEPH experiment at LEP. The






























) must be less than 0.66. Using the branching
ratio Br(b!B
0








At the 95% condence level,












)  0:77  10
 3
:
The product branching ratio for the sum of the decays involving D
0
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